In this paper, we focus on two distinct dimensions underpinning the effectiveness of knowledge transfer in organizations: ease of knowledge acquisition, and amount of knowledge loss. In particular, considering 3,429 knowledge-sharing ties among 313 employees in a data solution company we explore the determinants of ease of acquisition and loss of knowledge in terms of specific features of individuals? network of contacts. Results indicate that while frequent interactions facilitate knowledge acquisition and reduce the amount of knowledge lost in interpersonal exchanges, interacting with a diverse set of contacts facilitates knowledge acquisition but increases, at the same time, the amount of knowledge lost. Frequency of interaction further moderates the relationship between diversity of contacts and knowledge loss. By observing a ?cost? to diversity of contacts in terms of lost knowledge, we suggest that more attention should be paid not only to the advantages, but also to the liabilities of different network positions when they are used as mechanisms to explain effective knowledge transfer among individuals.
INTRODUCTION
Effective knowledge transfer in organizations is considered a relevant pre-condition for firms' ability to achieve competitive advantage (Argote & Ingram, 2000; Szulanski, 1996) . In either manufacturing firms (Epple, Argote, & Murphy, 1996) , or service firms (Baum & Ingram, 1998; Darr, Argote, & Epple, 1995; Hansen & Haas, 2001; Mors, 2010) , for the generation of innovations (Dahlander & Frederiksen, 2012; Fleming, Mingo, & Chen, 2007; Hansen, 1999; Tortoriello & Krackhardt, 2010), or to increase individuals' creativity and innovative potentials (Gruber, Harhoff, & Hoisl, 2013; Kleinbaum & Tushman, 2007; Perry-Smith, 2006; Sosa, 2011) , effective transfer of knowledge and expertise among individuals in organization matters.
Organizational literature on knowledge transfer has suggested that knowledge transfer occurs and that it is often incomplete (Argote & Ingram, 2000, p. 163 ) and extensive efforts have been devoted to understand the mechanisms underpinning the transfer process at different levels of analysis (Argote, 2012) . However, while the majority of empirical research so far has invested in identifying and studying the enablers of successful transfer of knowledge (Argote, 2012; Borgatti & Cross, 2003; Darr et al., 1995; , comparatively less attention has been devoted to what might make those transfers incomplete. This lack of attention to what restricts the amount of knowledge flowing from a source to a recipient reflects the tendency of much empirical work on knowledge management to treat knowledge transfer as a discrete phenomenon that either happens and it is observed through concrete performance outcomes, or that does not happen at all. For instance, since measuring knowledge transfer is hard, researchers have often considered objective performance outcomes as key dependent variable, and inferred knowledge transfer as the theoretical mechanism linking knowledge exchanges and performance (Fleming et al., 2007; Hansen, 1999) . In those instance in which scholars have tried to measure knowledge transfer treating it as the dependent variable of the study Tortoriello, Reagans, & McEvily, 2012 ) they focused on the ease of transfer/acquisition as a function of the sender/recipient position in the overall patterns of knowledge flows without questioning the possibility that knowledge exchanges, whether smooth or difficult, could be at least in part incomplete. And, in those cases in which researchers have focused explicitly on the impediments to successful transfer of knowledge identifying different drivers of friction, or stickiness of knowledge (Ghosh & Rosenkopf, 2014; Hansen & Haas, 2001; Szulanski, 1996) , the implications of these impediments in terms of actual loss of knowledge in dyadic exchanges have not been directly examined.
In this paper we focus on two important dimensions of the knowledge transfer process which have been treated interchangeably by past research: ease of knowledge acquisition, and amount of knowledge loss in interpersonal exchanges. If we consider the system of knowledge exchanges defined among individuals as a web of pipes through which knowledge and information flows, incomplete transfers of knowledge would occur to the extent that some of those pipes are "leaky". In case of a leaky pipe, in fact, much of the knowledge to be transferred would still make it from the source to the recipient, but part of it would get lost during the transfer phase. Our contention in this paper is that past research on knowledge transfer has developed under the tacit assumption that no leaky pipes exist and, as a result, once on its way, all of the knowledge that A transfers to B will successfully reach its destination. Our objective is to challenge this view by explicitly identifying knowledge loss as an important phenomenon that has received to date only limited attention from knowledge management scholars. In particular, our goal is to introduce and study the concept of knowledge loss and to focus on its relationships with other more established constructs in knowledge management research such as knowledge transfer and properties of the network structure (Argote, McEvily, & Reagans, 2003) . To do that, we consider in our theoretical development and empirical analysis two distinct dependent variables: the ease of knowledge acquisition and the amount of knowledge lost in dyadic knowledge-sharing interactions.
In particular, considering 3,429 knowledge sharing ties among individuals in a large data solution company we observe that while frequent, repeated interactions among two parties ease the acquisition of knowledge and reduce the amount of knowledge lost, the diversity of knowledge sharing partners eases the acquisition process but increases, at the same time, the amount of knowledge lost in interpersonal exchanges. Our analysis further shows that the positive association between diversity of contacts and knowledge loss is reduced when the frequency of interaction with diverse contacts is taken into account; i.e. having a diverse network of contacts with whom one interacts unfrequently increases the loss of knowledge whereas having a diverse network of contacts with whom one interacts frequently reduces the amount of knowledge loss.
THEORY Knowledge transfer, ease of acquisition and knowledge loss
Prior research on knowledge transfer tends to treat successful sharing of knowledge as a binary outcome that either occurs completely or does not occur at all. While some scholars have touched upon potential reasons for difficulties in transferring knowledge, such as knowledge complexity (Szulanski, 1996) knowledge tacitness (Nonaka, 1994) , unwillingness or inability to transfer knowledge , these problems are usually examined indirectly by looking at factors that drive success (Hansen, 1999) . Consequently, extant research has primarily focused on the antecedents of successful transfer and/or factors facilitating the sharing of knowledge between a source and a recipient (Argote, 2012; Borgatti & Cross, 2003; Darr et al., 1995; without explicitly considering the case of incomplete transfers of knowledge, meaning, specific instances in which some parts of the knowledge are successfully transferred from a source to a recipient, while some other parts are lost in the process. This lack of attention to knowledge loss and its drivers can at least in part be attributed to how knowledge transfer has been conceptualized and captured empirically in previous studies. For instance, since knowledge transfer has been defined as a "change in a recipient unit's knowledge/performance" (Argote & Ingram, 2000, p. 151; Van Wijk, Jansen, & Lyles, 2008) , to the extent that any positive effect on the recipient level of knowledge and/or performance is observed, the transfer of knowledge is considered successful. Indeed, given the conceptualization of knowledge transfer as a change in a recipient's knowledge/performance level, it is theoretically possible that even when most of the knowledge gets lost in the sharing process, if some effect on the recipient's performance and/or level of knowledge is observed, successful transfer is assumed. This approach leaves knowledge loss not only unobserved but theoretically unacknowledged.
And yet, there are logical reasons to expect that knowledge loss can be a more common and pervasive phenomenon than what implied by past research. As noted by Ghosh and Rosenkopf (2014) the metaphor of network as pipes through which knowledge flows, has probably contributed to take too far the assumption according to which knowledge flows between a source and a recipient is in fact unrestricted. Instead, they argue, "frictions" are likely to exist in dyadic relationships that preclude complete knowledge transmission from a source to a recipient. For instance, even when a source and a recipient are perfectly willing and able to share what they know with each other some loss of fidelity during the transfer process could easily occur because of unintentional errors, language diversity, or inherent knowledge complexities. Research that has examined the ease of knowledge transfer among individuals (i.e. focusing on the process rather than the outcome of transfer) does not speak to the possibility of incomplete transfers either.
For instance, although in their studies of knowledge transfer in an R&D service organization, Reagans and McEvily (2003) acknowledge that some types of knowledge might be more difficult to share than others, they do not explicitly take loss of knowledge into account. So, if the only variable considered is the ease or difficulty of sharing knowledge, short of assuming that ease of transfer is a proxy for how complete the transfer of knowledge is (for instance assuming that easy sharings of knowledge result in complete transfers while difficult ones in complete losses of knowledge), knowledge loss can happen and still go undetected.
Whether looking at objective outcomes presumed to be the result of successful transfer, or at the ease of knowledge transfer itself, existing research has not yet taken into account the possibility that some knowledge sharing interactions might result in incomplete transfers of knowledge. An important implication of this fact is that we know very little about what determines losses of knowledge when knowledge is flowing from a source to a recipient and how to reduce these unintended losses.
From a theoretical standpoint, there are several reasons why knowledge transfer can happen and be incomplete at the same time. For example, individuals could (a) be limited with regard to resources in terms of time and attention devoted to specific interactions, (b) lack common language or mutual knowledge with others, or (c) have cognitive limitations in terms of understanding and processing all the knowledge received. The issue of time and attention stems from the fact that the higher the number of connections to be maintained, the lower the amount of time that can be spent with each (Ahuja, 2000) . The common language or knowledge overlap issue could arise in the contexts of interactions among individuals assigned to different units or functions which tend to have different (technical) languages or understandings of the same situation (Bechky, 2003; Carlile, 2002 Carlile, , 2004 Dougherty, 1992; Tortoriello & Krackhardt, 2010) . Having a different understanding of a common problem or a different interpretive scheme of the challenges faced or the type of knowledge required will increase the likelihood that colleagues do not get everything their counterpart are trying to convey because they are hailing from different functional backgrounds, or different business units that rely on substantively different technical languages. Individuals' cognitive limitations suggest similar problems and lead into the discussion of boundary spanning roles (Hargadon & Sutton, 1997; Obstfeld, 2005) , and the mutual knowledge problem (Carlile, 2002 (Carlile, , 2004 Cramton, 2001 ).
To address these issues, we argue that the amount of knowledge lost in the communication process is primarily a function of the particular knowledge-sharing relationship that exists between a source and a recipient and of the system of relationships in which this connection is embedded. For example, there could be structural properties of a network that might result in greater (smaller) levels of loss when knowledge gets passed from a source to a recipient, so that loss could be a function of specific features of the focal relationship between two individuals, and, of the network context in which this relationship is embedded.
Understanding the drivers of knowledge loss has important implications for achieving a more finegrained understanding of knowledge sharing processes. For instance, without knowing how much knowledge gets lost in any specific interaction, it is hard to judge how beneficial a given interaction really is. If the objective of knowledge sharing is to increase creativity by bringing together different knowledge reservoirs (Argote & Ingram, 2000) , losing a great portion of the knowledge transferred might not be an issue because "some" new knowledge can still be enough to spark new ideas and trigger innovation. However, if the objective is the implementation of an innovation or the solution of a complex technical problem, every bit of knowledge counts and even minimal losses might compromise the ability to replicate solutions developed somewhere else (Darr et al., 1995) .
To study those instances in which knowledge transfer does happen while, at the same time, is incomplete, we propose to investigate the properties of the knowledge sharing relationships defined among individuals in an organization. Consistent with recent studies in this area of research Tortoriello et al., 2012) we focus on frequency of interactions, as well as on the diversity of connections among individuals as potentially relevant drivers of the knowledge sharing process. In addition to that, we jointly consider the effects of frequency of interactions and diversity of connections on both the ease of knowledge acquisition and, on the amount of knowledge loss in interpersonal exchanges.
Frequency of interaction, ease of knowledge acquisition and knowledge loss
Recent research on informal networks and knowledge management provides evidence for the fact that frequent interactions between two individuals facilitate the knowledge-sharing process . From a theoretical standpoint one of the main driving mechanisms behind the ease of knowledge transfer associated with frequent interactions is the greater willingness of the parties involved to engage in extra-effort during the transfer process. Sharing knowledge, in fact, is a costly activity that requires time and effort for both the provider and the recipient. On the one hand, the provider of knowledge has to devote time and effort to communicate what he/she knows to the recipient and, on the other hand, the recipient has to be willing to engage in the exchange process by taking the newly provided knowledge into account, translating and adapting it to his/her specific context. This greater motivation to be of help and assistance brought about by frequent interactions (Granovetter, 1982: 113) supports and facilitates the sharing of knowledge among individuals (Hansen, 1999) .
Following this line of reasoning, frequent interactions should also help to reduce the amount of knowledge that might get lost during the knowledge sharing process. For instance, two individuals who interact repeatedly tend to develop heuristics, common languages, and common knowledge that facilitate their ability to interpret and understand each other (Uzzi, 1997) . Without the adoption of a common language and the development of shared understandings, individuals might be using different terms to refer to the same thing, and/or use the same term to indicate different things (Bechky, 2003; Dougherty, 1992) . In either case, communication problems of this kind might end up multiplying the opportunity for misunderstandings, thus increasing the likelihood that important parts of knowledge would be lost in the communication process. Frequent and repeated interactions among individuals lead to the formation of a common language and a shared knowledge base between the parties involved. A common language and a shared knowledge base not only reduce possible ambiguities and margins of errors but, at the same time, facilitate the complete and accurate transfer of knowledge from a sender to a recipient.
Another relevant aspect of repeated and frequent interactions between a sender and a recipient of knowledge is the increase in the depth of the relationship, the greater familiarity between the parties involved and eventually the creation and development of trust about each other's motives and intentions (McEvily, Perrone, & Zaheer, 2003) . Familiarity and trust can further facilitate the solution of possible misunderstandings and doubts that might arise during the sharing process (Levin and Cross, 2004) . In fact, asking a colleague for advice amounts to an act of deference toward the knowledge and expertise of this colleague which, particularly in highly competitive organizations, might have non-trivial costs in terms of status and reputation. For instance, evidence suggests that individuals might prefer to access and use knowledge provided by external experts to avoid unfavorable social comparisons implicit in the act of asking for help to internal organizational sources (Menon & Pfeffer, 2003) . This reluctance to show one's vulnerability by asking for knowledge to internal contacts is likely to affect knowledge loss in important ways. If the decision to ask an internal contact for knowledge is weighted against possible costs that this act entails in terms of status, asking repeatedly, for instance to clarify something that was not entirely clear the first time, becomes quite unlikely. If the fear of losing status in the eyes of a colleague acts as an impediment to follow-up and clarification questions required to dissipate doubts and to correct misunderstandings, the amount of knowledge lost when interacting with contacts inside the organization might become substantial.
Familiarity and trust generated by frequent interactions, however, facilitate access to the expertise of colleagues in the organization by reducing fears that asking and, if necessary, asking again, might translate into a negative evaluation of the knowledge seeker's competence or expertise. When familiarity and trust develop between two individuals, the knowledge-seeker will be more willing to show his "vulnerability" admitting what he/she does not know (Rousseau, Sitkin, Burt, & Camerer, 1998) and less concerned about possible negative implications of reiterated requests that might become necessary to dissipate doubts, to eliminate misunderstandings, and to ensure complete and accurate transfer of knowledge. Based on the foregoing arguments, and consistent with previous research on knowledge sharing, we predict that frequency of interaction will facilitate the understanding, and promote the assimilation, and absorption of knowledge transferred between a source and a recipient, and at the same time, will reduce the amount of knowledge loss in any given knowledge sharing interaction. 
Diversity of contacts, ease of knowledge acquisition and knowledge loss
In addition to the effects of the depth of relationships achieved through frequent interactions on the ease of knowledge acquisition and on the reduction of knowledge loss, previous research also suggested that the breadth of network relationships should also have a positive effect on the ease of knowledge transfer . When individuals occupy a network position that allows them to interact with a broad and diverse set of contacts, they are able, through these interactions, to span a variety of knowledge domains. This diversity of contacts, knowledge, and perspectives provides in turn the opportunity to develop a greater capacity for interaction with a broader set of people and for sharing knowledge (Hargadon & Sutton, 1997) . For instance, the constant exposure to different sources of knowledge, languages, and mindsets "trains" individuals to develop special skills in terms of understanding, assimilating, and absorbing knowledge coming from different areas. By interacting with contacts that use different languages and that belong to different thought worlds, individuals become accustomed to frame the same problem in different terms. This increases an individual's capacity to translate knowledge and information in a way to be understood in different domains and it facilitates the application of that individual's knowledge in different contexts. This ability to translate knowledge and information in a language that can be understood by individuals who belong to different areas of expertise and have different knowledge backgrounds is an essential part of the knowledge sharing process (Bechky, 2003; Carlile, 2002; Dougherty, 1992) .
Occupying network positions characterized by breadth of interactions offers more frequent opportunities to cultivate theses skills and abilities than having a concentrated and redundant set of contacts within the same group of people. Consistent with these arguments, research has shown that breadth of interactions facilitates not only the transfer of knowledge but also the acquisition of knowledge across formal organizational boundaries, where diversity of knowledge and impediments to sharing it tend to be greater .
One aspect that has not yet been considered, however, has to do with the possible tradeoffs associated with having a broad and diverse set of contacts. Previous research suggests that individuals with a broad network of contacts should have a greater capacity to translate knowledge than those lacking such diversity of connections. However, the benefits of being invested in a wide-spread system of diverse network relationships might come at a cost. Having a wide-spread network facilitates interactions with a diverse set of contacts (Burt, 1992) . Nevertheless, the efforts required to developing and maintaining this breadth of network connections might end up reducing the depth of knowledge exchanges that can be achieved in any specific interaction. If such a trade-off between breadth and depth of network connections exists (Aral & Van Alstyne, 2011) , a middleman sharing knowledge with a diverse set of contacts can still successfully communicate with and share knowledge among different contacts thanks to his/her greater ability to communicate with individuals who belong to different knowledge domains. On average, however, the amount of knowledge he/she is able to acquire through each contact could be significantly reduced because of his/her lack of proficiency with any one knowledge domain. Using Simmel's metaphor of cosmopolitans vs. locals (Simmel, 1950) , a cosmopolitan is better positioned to interact with people who speak different languages than a local is. Yet, in each of these interactions, a cosmopolitan will never achieve the depth of understanding that two locals can achieve when they interact with each other. In the context of knowledge sharing relationships inside organizations, someone with a lot of diverse connections might be able to interact, at a basic level, with colleagues of different knowledge background and expertise. However, his ability to capture (and convey) the knowledge acquired from (transferred to) colleagues with diverse knowledge backgrounds, would never reach the precision and accuracy with which two colleagues with the same knowledge and expertise can share knowledge with one another.
In their discussion of trade-offs associated with being a middleman between otherwise disconnected others, Reagans and Zuckerman (2008, p. 932) acknowledge that "gaining access to information does not mean that such information will actually be absorbed", for instance because an individual who is not part of a cluster might find it difficult to obtain "complex and sensitive information from clusters of which she is not a member". As a result, individuals with a diverse set of network connections might struggle to acquire relevant knowledge and end up capturing only a fraction of it. But even assuming that knowledge available in a given cluster will be made fully available to an individual acting as the bridge across different knowledge clusters, there is still the risk that he/she will not be proficient enough to capture it. This implies that individuals with a diverse set of contacts might end up losing a sizable amount of the knowledge they acquire during the sharing process. Becoming minimally proficient in different domains is a pre-condition to acquire and share knowledge acquired in those domains, however, not being knowledgeable enough in all of those domains might increase the amount of knowledge that is lost when two individuals try to share it.
Based on the foregoing arguments, we predict that a diverse network of contacts will facilitate the transfer of knowledge between a source and a recipient, but, will also, at the same time, increase the amount of knowledge lost in any given knowledge sharing interaction.
H2a: Having a diverse network of knowledge sharing interactions will increase the ease of knowledge acquisition

H2b: Having a diverse network of knowledge sharing interactions will increase the amount of knowledge lost
Diversity of network connections, frequency of interactions and knowledge loss
While individuals who cultivate relationships with a broad set of contacts might end up connecting with colleagues located in diverse knowledge domains, the frequency with which they interact with others located in different clusters might vary substantially across relationships. For instance, if we consider the ties through which a focal node has access to diverse clusters, it is reasonable to expect that not all those ties, bridging across different parts of the network, are equal. In particular, individuals' bridging ties are likely to differ from one another in terms of their strength, so that some bridging is done through (comparatively) more frequent interactions, while some bridging is done through (comparatively) less frequent interactions. This intuition is supported by recent research that has started to call into question the assumption that all bridging ties are equal (McEvily, Jaffee, & Tortoriello, 2012) , and, more to the point, it is also consistent with past research according to which the strength of a bridging tie has been identified as a mechanism to facilitate knowledge transfer when knowledge is more difficult to share, for instance because of its tacit nature (Hansen, 1999) . In particular, while bridging per se has traditionally been considered a necessary and sufficient condition for obtaining network advantages (Zaheer & McEvily, 1999) , a more recent view suggests that bridging might be a necessary but not a sufficient condition to realize the benefits provided by access to diverse knowledge and novel information. For instance, Tortoriello and Krackhardt (2010) , analyzing different types of bridging ties (i.e. simple, strong, and embedded) defined across several research and development laboratories in a multinational high-tech company, show that only a specific subset of those are conducive to the generation of innovations. Given the diversity of knowledge accessed through bridging ties, the ability to combine different sources of knowledge to generate innovation was found to be contingent upon the "embedded" nature of those bridges (i.e.
Simmelian bridging ties).
The foregoing discussion suggests that the effects of diversity of contacts on knowledge loss should also be evaluated in the light of how frequently the focal actors interact with any given contact. In fact, while network diversity might amplify knowledge loss by increasing the amount of knowledge and information that leaks through network connections, the frequency of interactions through which this diverse network is build could partially moderate the positive effects that breadth of contacts has on knowledge loss. Accordingly, we predict that:
H3: Frequency of interactions will moderate the effect of network diversity on knowledge loss by reducing the amount of knowledge lost in knowledge sharing interactions
METHODS
For this study we surveyed 313 individuals working in a global data solution company, henceforth "Datacorp". Datacorp employs over 4,000 people in 50 different offices at different locations in the US and Europe and provides data solutions in terms of navigation maps, weather reports, optimal routes, etc. to a wide range of customers in the global transportation industry. With the help of senior executives at the company we identified 313 individuals who were involved in projects that were "strategically" relevant for the company. Survey participants vary considerably in terms of their seniority, level of education, gender, and job grade. About forty-six percent of participants (145) were located in the EU headquarter while the remaining fifty-four percent were located in the US headquarter (168).
After several extensive interviews with company's senior managers and company informants with different job grades from both the US and EU sites, we developed a survey questionnaire to measure knowledge sharing relationships among individuals in our sample. We pre-tested the survey tool for both method and content on six individuals who then would not participate in the actual data collection process. The knowledge sharing data was collected using a combination of name generating and name interpreting questions. More precisely, respondents were first presented an alphabetically ordered list of all the 313 study participants and asked to identify the names of those
colleagues "with whom they have worked on a project in the past two years, or, even if they have not directly worked with them on a project, colleagues who have been in the past two years an important source of knowledge or information
for the work they do at Datacorp". Once respondents identified their contacts, they were then asked to describe the relationships with each cited contact in terms of communication frequency, ease of knowledge acquisition and knowledge loss.
The decision to focus on knowledge loss as a distinct dimension of the transfer process was corroborated by the fact that during our interviews, company informants, at middle and senior executive levels, constantly referred to difficulties in successfully sharing knowledge among individuals in the company. In particular, the interviewees put emphasis on the fact that most transfer attempts were not immediately helpful to knowledge recipients because these attempts were perceived as "incomplete". For instance, in the words of one of the company directors "Datacorp doesn't make it easy to communicate". Elaborating on this point, a sales director stated that since engineers did not have direct contact with customers but several steps mediated this relationship, there was a "loss of knowledge and information all the way down in the organization". Another sales director explained that many different parts of the organization are involved in the development of new products but that there is "no good way to share knowledge and information from customers and market information [throughout the organization]". A total of 134 individuals (or about 43% of the study population) completed the entire survey. Given that the response rate we obtained is slightly lower compared to similar network studies, we conducted a number of tests to identify possible systematic differences between respondents and non-respondents. In particular, we conducted a series of t-tests to examine differences in terms of job grade, geographical distribution, size of the project, priority of the project, and being a project leader. Across all these dimensions we did not detect any statistically significant difference between respondents and non-respondents. On average, respondents identified approximately 25 contacts which is slightly greater than the number of contacts observed in similar studies. For example, respondents interviewed by Reagans and McEvily (2003) listed 16 contacts on average. The higher number of contacts in our study population could result from a number of factors, including the fact that individuals in our sample could choose from a list of 313 co-workers whereas in the case of Reagans and McEvily (2003) there were only 100 study participants.
The survey data was complemented with archival data provided by the company. Archival data allowed us to measure a number of individual characteristics, including each respondent's assigned project, job grade, project leadership, organizational tenure, gender, and geographical location. Table   1 contains descriptive statistics and bivariate correlation for the variables presented below. ******* INSERT TABLE 1 about here ********
Dependent variables: knowledge acquisition and knowledge loss
Since we are interested in comparing the effects of frequency of interaction and knowledge diversity on ease of knowledge acquisition and amount of knowledge loss in interpersonal exchanges, we modeled our dependent variables at the dyadic level of analysis. Previous studies have argued that not all ties are equal for triggering the generation of creative ideas (Sosa, 2011) , or for facilitating the acquisition and transfer of knowledge .
Similarly, we were interested in capturing variation at the level of the specific interaction, since the same individual might be able to successfully obtain one hundred percent of the knowledge she receives from some of her contacts, while systematically losing substantial parts of the knowledge she receives from other contacts. In order to measure ease of knowledge acquisition and knowledge loss we took the perspective of the knowledge recipient and relied on her idiosyncratic assessment of how easy it was to acquire knowledge from her contacts, and what percentage of knowledge got lost in each of these interactions. One could have possibly considered the point of view of the knowledge provider as well, yet we reasoned that while the provider of knowledge could be in a position to assess how easy of difficult it was to communicate knowledge to a counterpart, it might be hard for the provider to also assess what part of the knowledge transmitted was understood and assimilated by the recipient and what part went lost in the process. Consequently, following studies using a similar dyadic set up (Sosa, 2011; Tortoriello et al., 2012) , we opted for recipients' self-reported assessment of ease of knowledge acquisition and amount of knowledge loss in interpersonal exchanges. Although this measurement strategy raises the issue of which portion of variability is meaningfully comparable across individuals, and which portion is due to idiosyncratic differences of individuals' perceptions we reasoned that knowledge recipients are still the best judges of how easy or difficult it was to acquire knowledge from a counterpart, and of what part of the knowledge provided by a counterpart they effectively understood and retained and which part they couldn't get (or couldn't entirely get). Moreover, as detailed in the analysis section below, we took several steps to econometrically control for individuals' idiosyncratic variations that could add noise to our measurement strategy.
To capture dyadic level variation in the ease of knowledge acquisition we used a combination of items that mapped into different dimensions of successful acquisition of knowledge (Table 2 ). For each one of their contacts, respondents assessed the four items reported in Table 2 on a five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The four items loaded on a single factor with the first principal component explaining 75% of the variance. Factor loadings on the first principle component ranged from 0.8 to 0.91. Cronbach's alpha for the four items was 0.89.
We used the average of the four items in Table 2 to define the level of successful knowledge acquisition although similar results are obtained using factor loadings instead of averages.
To capture dyadic level variation in the perception of knowledge loss, we relied on the respondent's assessment of the amount of knowledge that is perceived to be lost when interaction with her contacts. In particular, we asked participants the following question: "Sharing knowledge or information is important but difficult. On the one hand, it is important because it could help getting things done more efficiently or effectively. On the other hand, it is difficult because sometimes individuals use different terminology, or sometimes use technical language that is hard to understand, or simply because the content of their knowledge or information is often complex and inherently hard to transmit. As a result of these difficulties, some amount of knowledge or information might A tabulation of the answers obtained (Table 3) reveals that although the distribution is skewed toward limited perceived amounts of knowledge loss, over 75% of the dyads in our sample entail some amount of knowledge loss. ******* INSERT TABLE 2 & 3 ABOUT HERE ******** This is not only consistent with our theory about the importance and magnitude of the phenomenon, but also corroborates the indications emerged during our interviews with company informants who identified knowledge loss as a major issue preventing the effective circulation of knowledge and information within the company.
Explanatory variables
Frequency of interaction. In addition to the ease of acquisition and amount of loss of knowledge experienced in knowledge sharing interactions, respondents were also asked to describe how frequently they interacted with each cited contact. In particular, we captured communication frequency by asking the following question: "Please indicate how often you generally communicate with <name of the person> for knowledge or information on work-related topics".
Prior research has shown that frequency of interaction is an important component of the "strength" of a tie. Consistent with that, we used the relational assessment provided by respondents about how frequently they interacted with their contacts. This measure ranges between 1 (interact rarely, or less than once a month) and 5 (interact frequently, or multiple times per day). The values considered had an average of 2.31 and a standard deviation of 1.31.
Diversity of contacts.
To measure diversity of contacts, we considered the structure of relationships that each individual has with his/her network of contacts. In particular, we relied on Burt's measure of effective size (Burt, 1992) which we computed using Ucinet VI (Borgatti, Everett, & Freeman, 2002) . Conceptually the effective size is given by the number of people a focal actor is connected to, minus the redundancy in that actor's network. In this way, effective size captures the non-redundant elements of an actor's network which presumably provides access to non-overlapping knowledge bases. 
Control Variables
As respondents in our sample are assigned to two different locations, one in the US and one in the EU, one important element to consider when studying access and loss of knowledge is the actual location of the individuals involved in the exchange. In our case, we created four different categories based on the geographical location of respondents: (1) both located in the US, (2) knowledgerecipient located in EU and knowledge-source located in the US, (3) knowledge-recipient located in the US and knowledge-source located in EU, and (4) both located in EU. Interactions among respondents located in the US equal to the baseline category. In addition to being assigned to two main locations, individuals at Datacorp are also assigned to different project teams. The organization of work and the nature of objectives assigned to each project provide individuals who belong to the same team with more opportunities to interact and share knowledge with each other. Thus, belonging to the same project team is a potential confound of frequency of interactions and diversity of network contacts. To control for this possibility, we created a shared team membership indicator variable that was set equal to one if the respondent and the focal contact were assigned to the same team and remained equal to zero otherwise.
We also controlled for similarity with respect to demographic variables that could affect the likelihood of interaction and ease of acquisition/amount of knowledge lost from a source to a recipient. We have demographic data with respect to gender, tenure, job rank and project leadership (i.e., the individual is the responsible in charge of the project). We created four category variables with respect to project leadership: (1) both leaders, (2) both non-leaders, (3) knowledge-recipient leader knowledge-source non leader, and (4) knowledge-recipient non leader knowledge-source leader, with interactions among non-leaders providing the baseline category. We also created four control variables with respect to gender: (1) both female, (2) both male, (3) female knowledgerecipient, male knowledge-source, and (4) male knowledge-recipient, female knowledge-source, with interactions among female respondents providing the baseline category. To control for the effects of experience and familiarity with the organization on individuals' ability to limit knowledge loss we include in our model a variable capturing the tenure of respondents. Job-rank in our data ranged across five levels. To control for the effect of individuals' job-rank on the likelihood of knowledge loss we included dummy variables for the job-rank of knowledge recipients as well as dummy variables for the job-rank of knowledge sources. In terms of network variables, we primarily controlled for network size considered in terms of the log of the number of contacts each respondent has. The sheer size of each respondent's network could in fact determine a confounding effect with respect of the focal individual's ability to successfully acquire knowledge and information from his/her contacts. We also controlled for structural configurations of respondents' ego-networks by considering the extent to which a given knowledge sharing relationship was embedded in a dense web of third party ties (Gargiulo, Ertug, & Galunic, 2009) . Previous research has investigated the impact of network cohesion on ease of knowledge acquisition as a structural effect defined over and above the property of the focal knowledge sharing relationship Tortoriello et al., 2012 ), We controlled for this possible confound using a measure of indirect dyadic constraint (Burt, 1992, pp. 54-56) . Formally:
Where p iq represents the proportion of i's interaction devoted to colleague q and p qj reflects the proportion of q's network time and energy allocated to contact j. Considering all the common thirdparty interactions q, c ij indicates the extent to which the focal relationship between i and j is embedded in a dense system of strong common connections. When c ij is high, the network surrounding i and j's relationship is characterized by closure, or cohesion, when c ij is low, the network surrounding i and j's relationship is sparse . Lastly, we included a control for structural equivalence (i.e. the extent to which two individuals have similar patterns of interactions) and a control to distinguish reciprocated ties from non-reciprocated ties. These are especially relevant in our context because individuals with similar contacts might find it easier to share knowledge with each other, and because to the extent that interactions between two individuals are reciprocal (i.e. one receives knowledge from the other and vice versa) they might become increasingly able to understand each other and develop a common language which would allow them to facilitate knowledge sharing while minimizing the amount of knowledge lost in any given interaction.
ANALYSIS
The 134 individuals who completed the survey were involved in a total of 3,429 knowledge sharing relationships. These observations, however, are not independent because for each respondent and each contact there are multiple observations. This special type of co-dependency can reduce the size of standard errors, thereby artificially increasing the significance of our tests. To adjust standard errors for this type of clustering, we used mixed-effect models ('mixed' models in STATA) combining fixed and random effects for the individuals in our sample. This approach is one solution to the non-independence problem that dyad-level analyses introduce (Krackardt, 1987; Krackhardt, 1988; Tortoriello et al., 2012) and it also provides, at the same time, an additional control for idiosyncratic features of respondents that might make cross-individual comparisons hard to justify. In addition to the lack of independence of our observations due to the data structure, another possible source of bias associated with our dyadic approach is given by the fact that we only analyze observed knowledge-sharing relationships. This represents a particular instance of sample selection bias (Heckman, 1979) since there are different elements that determine, in the first place, why individuals form knowledge sharing relationships with some colleagues and not with others. To take this bias into account we estimated a two-stage Heckman correction model. In the first stage we modeled the probability of observing a knowledge sharing relationship using a Probit model in which we considered as risk-set all the 97,656 theoretically possible dyads (313 * 312) 1 . In this model we used all non-network variables available in our dataset that come from archival company sources for both respondents and non-respondents (i.e. gender, job grade, project leader, and physical location) to predict the likelihood of observing a knowledge sharing tie out of all the theoretically possible dyads. Based on these results, we computed an Inverse Mills Ratio (IMR) to capture the probability of observing a knowledge sharing tie as a function of those variables, which we then used as an additional control in our mixed-effects models predicting ease of knowledge acquisition and perception of loss 2 .
1 The same procedure was done considering only actual respondents and associated risk set of 134 * 312 = 41,808 possible dyads obtaining substantively similar results. 2 In addition to that, we also estimated a Probit model considering all the 97,656 possible dyads as a risk set in which we used only job grade to predict the likelihood of observing a knowledge sharing tie. Job grade is significantly associated with the likelihood of observing a tie (individuals with same job grade are more likely to interact with one another), but it of contacts increases the ease of knowledge acquisition, while, at the same time also increases knowledge loss. Finally, in Model 9 we test for the moderating effect of frequency of interaction on the positive relationship between diversity of contacts and perception of knowledge loss. As can be seen in this model, the coefficient for the interaction term is negative and statistically significant, suggesting that when diversity of contacts is adjusted by the frequency of interactions, the perception of the amount of knowledge lost is significantly reduced.
To shed light on the magnitude and significance of this interaction term, we ran a simple slope analysis to test for the range of frequency values along which the effects of diversity of contacts on is unrelated to knowledge acquisition and loss. When computing the IMR using estimates from this model our results do not change.
knowledge loss are significantly reduced. Results of this analysis show that the relationship between diversity of contacts and perception of knowledge loss, while remaining positive, is progressively reduced when frequency of interaction goes from its minimum to its maximum value (Figure 1) .
Furthermore, the analysis reveals that the moderating effect of frequency of interaction on diversity of contacts is statistically significant for 99% of our observations. This confirms that the positive moderating effects of frequency of interaction on the relationship between diversity of contacts and perception of knowledge loss are statistically significant over a range of frequency values that is substantively meaningful in our dataset.
Robustness Checks
One issue that warrants further discussion is the relatively low response rate and how it might affect and/or bias the findings of our analysis. As previously detailed, we could not detect any statistically significant differences between respondents and non-respondents comparing the two samples in terms of all the variables obtained from archival data provided by the company. In addition to that, we ran some additional analysis to take into account possible differences in terms of key network metrics between respondents and non-respondents. Primarily, we compared network in-degree of respondents with the in-degree of non-respondents observing no statistically significant differences (p = 0.19). Second, to assess the representativeness of our responses we took into account time trend evolution of survey participation. Common practice in survey research suggests that the time-line of respondents' survey participation can be used to extrapolate the magnitude of non-response bias.
The key assumption behind this approach is that "late" respondents are more similar to nonrespondents than to "early" respondents (Armstrong & Overton, 1977) . In our case we computed a set of standard network metrics for early respondents and for non-respondents and tested for significant differences across the two samples. In particular we considered individuals' out-degree, in-degree, network size, tie strength and effective size for the two samples and could not find any statistically significant difference between early and late respondents. Finally, we checked for LinkedIn memberships as an indicator of individuals' networking attitude and observed that no statistically significant differences existed between respondents and non-respondents in terms of the proportion of people with a LinkedIn account. In addition to that, for those with a LinkedIn account we further considered the number of contacts they had on this social network and observed no statistically significant differences in the number of contacts of respondents vs. the number of contacts of non-respondents 3 . This set of additional analysis provides further corroborating evidence for the fact that no statistically significant differences should exist in our case between respondents and non-respondents.
However, even in the absence of systematic biases, our analysis could still be affected by the low response rate in a way that could spuriously interfere with our conclusions. To address this residual possibility we adopted two different estimating approaches to further establish the robustness of our findings.
In one first set of analysis, we zeroed in on the variation in our data in terms of reciprocated vs. unreciprocated dyads. One risk of low response rates in network surveys, is that several relationships show up as un-reciprocated not because of lack of reciprocity (which is possible even in complete datasets and depends on the distribution of network ties), but because of the fact that several participants did not fill in the questionnaire. To dig into this issue we replicated our analysis on different subsets of the observed sample. Primarily, we reran our models limiting the analysis to reciprocated ties only (i.e. dyads are retained in the regression model only if i indicated j as a contact and j indicated i as a contact), and we obtained exactly the same patterns of relationships as those reported in Table 4 . In addition to that, we reran our models considering only non-reciprocated ties (i.e. dyads are retained in the regression model only if i indicated j as a contact and j did not indicate i as a contact), also in this case, we observed results fully compatible with those reported in Table 4 .
Finally, when comparing the coefficients of theoretical interest (i.e. frequency of interaction and network diversity) in the two set of models just described (i.e. models with reciprocated ties only, and models with non-reciprocated ties only), we observed no statistically significant difference among coefficients (z= 1.48, and 1.16 for frequency of interaction and contact diversity respectively in the case of ease of knowledge acquisition, and z= 0.12, 1.14, and 0.25 for frequency of interaction, contact diversity and interaction term in the case of knowledge loss) suggesting that our findings are robust to different distributions of dyadic relationships in terms of reciprocated vs. non-reciprocated ties, irrespective of the low response rate.
In one last set of analysis, to further corroborate the findings' robustness, we used the data observed to reran our models using a bootstrapping procedure generating 10,000 simulated distributions for both ease of knowledge acquisition and perceptions of knowledge loss. Since we could establish that no statistically significant difference existed between respondents and non-respondents (e.g. no discernible bias affected the observed data), to approximate the distribution of the overall population, we drew new random samples from the observed distribution and computed our analysis for each re-sampled set. The results obtained from the bootstrapping procedure for either ease of acquisition and amount of knowledge loss are, once again, fully consistent with those presented in Table 4 . Although the evidence we were able to produce, from t-tests, to split-sample analysis, to bootstrapping, cannot be considered as conclusive lacking the counterfactual of a complete response rate, it provides at least suggestive evidence that the key findings presented in the paper are not systematically distorted in any discernible way because of the low response rate.
One other issue which needs to be addressed given the cross-sectional nature of dataset used is the possibility of reverse causality in the case of the frequency of interaction hypotheses. One could in fact reasonably make the argument that it is not the frequency of interactions that leads to easier transfers or lower knowledge losses, but that these two elements are in fact leading to more frequent interactions among two individuals. To address this issue we ran GLS random effect models ('xtivreg' models in STATA) in which we instrumented frequency of interaction using a set of variables that are significantly correlated with the supposedly endogenous variable (frequency of interactions) and uncorrelated with the error term of our models for ease of acquisition and amount of knowledge loss. In our dataset, we determined that network size, structural equivalence and reciprocity of relationships exhibited these properties. Using these variables as instruments for frequency of interaction we obtained substantively similar results to those presented in Table 4 , furthermore, the results of the Sargan-Hansen' s test statistics (p>0.15 for knowledge loss, and p>0.12 for knowledge acquisition) further corroborate the validity of the instruments adopted.
Taken together, these findings suggest that the observed positive (negative) association of frequency of interactions with ease of knowledge acquisition (amount of knowledge loss) does not change when instrumental variables are used to remove from the model error terms the part of variation that is correlated with the dependent variable suspected of endogeneity.
DISCUSSION
In this paper we set out to explore an important but seldom studied phenomenon associated with the transfer of knowledge from a source to a recipient: the amount of knowledge that ends up being lost during the sharing process. We considered knowledge loss and ease of knowledge acquisition as two critical dimensions of the knowledge transfer process and assessed the impact of interaction frequency and diversity of contacts on these two dependent variables.
Our findings reveal that frequency of interaction increases the ease of knowledge acquisition and reduces the amount of knowledge lost during the sharing process. This is consistent with previous studies that have highlighted the knowledge benefits associated with tie strength in terms of ease of transfer and acquisition (Hansen, 1999; Tortoriello et al., 2012) . Our findings also show that diversity of contacts, while increasing the ease of knowledge acquisition, simultaneously increases the amount of knowledge loss. Finally, our results also show that the greater knowledge loss determined by a diverse network is significantly reduced when network diversity is interacted with tie strength; ranging across strong ties reduces knowledge loss while ranging across weak ties increases it.
The findings associated with the effects of frequency of interaction and network diversity on knowledge loss represent an important contribution to the study of knowledge management in organizations. In particular, our results suggest that a more nuanced view of network advantages is necessary when studying knowledge sharing in organizational contexts (Burt, Kilduff, & Tasselli, 2013) . For instance, while previous research has identified several benefits associated with bridging ties (i.e. ties spanning across different parts of the organizational network) in terms of innovativeness, individual creativity, ease of knowledge transfer and acquisition, our study highlight the "costs" associated with these benefits expressed in terms of knowledge loss. At a first look, the observed relationship between diversity of network contacts and knowledge loss might seem contradictory with respect to the previous body of research, suggesting positive returns to brokerage.
In reality, as shown in our analysis, it is fully compatible with the extant body of work on knowledge management and networks. Having ties that range widely across different parts of the organizational network is still going to allow a focal individual to access more diverse knowledge as compared to a colleague whose connections are limited to one unit or department (Burt, 1992; and this is going to indirectly increase the ability to transfer knowledge. However, bridging connections are hard to create and costly to maintain (Ahuja, 2000; Tortoriello et al., 2012) .
Therefore, being engaged in leveraging knowledge coming from several diverse connections reduces the ability to accurately process the information and knowledge received from each contact (Tsai, 2001 ). Our findings warn that the greater breath of knowledge access associated through diverse contacts in the network comes at the expense of a reduced depth of the relationship so that potentially relevant bits and pieces of newly acquired knowledge might end up being lost in the process. The positive association of network diversity and knowledge loss is also compatible with research that has found positive returns on diversity of connection in terms of innovation and creativity (Burt, 2004; Perry-Smith, 2006) . It raises, however, the question of how much stronger these effects could be if associated with complete knowledge transfer. For instance, while some ideas and innovation might need only limited inputs and so partial transfer of knowledge is "good enough"
to trigger innovations, others might require more accurate and complete transfers of knowledge so that even a small percentage of knowledge loss might substantially reduce the innovative potential of bridging ties.
The moderating effect of frequency of interaction on the relationship between diversity of network contacts and knowledge loss is also relevant for both theoretical and practical reasons. Theoretically, this interaction is consistent with recent work suggesting that not all bridging ties are equal (Levin & Cross, 2004; Levin, Walter, & Murnighan, 2011; McEvily et al., 2012) and provides an important example of how the strength of a (bridging) tie could be a possible antidote to the loss of knowledge determined by ties spanning across different parts of the network. This is consistent with previous work showing the role of strong ties for transferring knowledge that is hard to mobilize (Hansen, 1999) , but also with more recent work showing the importance of having strong/embedded relationship across organizational boundaries for the generation of innovations (Tortoriello & Krackhardt, 2010) .
Taken together, our findings provide a compelling illustration of Reagans and Zuckerman (2008) discussion of the trade-offs associated with different network positions. While we know a great deal about the benefits provided by specific configurations of network structures, it becomes increasingly important to explicitly bring into the picture intrinsic limitations that each configuration has in a way to achieve a more balanced view of the advantages and disadvantages they provide.
Finally, our research also contributes to research on knowledge management and knowledge transfer, by relaxing the assumption according to which knowledge transfer is a discrete outcome, that it either happens or that it does not. In fact, inferring knowledge transfer in terms of objective performance measures, or measuring it in terms of ease of access and/or acquisition like most of previous research in this area, ends up taking our attention away from what it is that is being transferred, and, in particular, from how complete this transfer really is. Instead, a more realistic view of knowledge transfer is one according to which knowledge transfer does happen but is also often incomplete (Argote & Ingram, 2000) . This suggests that there is an important amount of variation to consider in terms of how much knowledge successfully makes it from a source to a recipient when studying knowledge flows. In our empirical setting we found that while over one-fifth of the observed dyads reported a perfect and complete transfer of knowledge, the majority of the interactions we observed in our sample was associated with some amount of knowledge loss. Focusing on the network mechanisms that account for such loss of knowledge in dyadic interactions represents an important contribution to our understanding of how knowledge flows (or does not flow) in organizational networks.
Our work also has important limitations that should be acknowledged and discussed. Primarily, although we took every measure we could to deal with the response rate of our sample, it is still lower than the response rate reported in comparable network studies. and the bootstrap analysis taking random samples of our observations provide results that are consistent with those reported in Table 4 . Clearly, we cannot claim that these analyses represent conclusive evidence that would put to rest the issue of response rate. However, the consistency of results obtained across the different robustness checks we implemented offers at least suggestive evidence that no systematic bias seems to be affecting the validity of our conclusions.
Another possible contentious point is given by the strategy adopted to measure our dependent variables. Our measure is in fact based upon the perception of the recipient of knowledge, and, as such, it is likely to introduce biases associated with idiosyncratic assumptions held by different respondents about what perfect knowledge transfer means. We do not have an obvious way to directly address that issue. Indeed, respondents might vary substantially in terms of what they perceive a full transfer of knowledge should entail. In addition to that, knowledge sources might also vary substantially in terms of their ability to convey to others what they know. To partially mitigate this concern, we used a combination of fixed and random effects for the source and the recipient of the knowledge in order to take into account idiosyncratic differences in perceptions and actual abilities to provide/ acquire knowledge in interpersonal exchanges.
Finally, there is a history of past interactions and the shadow of future interactions that our models do not capture due to the cross-sectional nature of the research design. This creates legitimate concerns of endogeneity and/or reverse causality that might undermine the proposed theoretical framework. For instance, there might be unobserved variables, in addition to the explanatory variables considered, that might determine the amount of knowledge lost when two individuals interact. Or unobserved drivers of interaction frequency and diversity of connections that shape individuals position in the organization network in the first place. Although we tried to model our theoretical framework in a way to deal with possible unobserved variables and with endogenous mechanisms associated with the process of tie formation, we cannot completely rule out the possibility of other mechanisms being responsible for the findings we observed but can only statistically control for their supposed influence on the results presented.
Conclusions
In spite of the limitations associated with our design and with the nature of our data, we believe this study furthers the agenda on network and knowledge management research in important ways by focusing on the network antecedents of knowledge loss. Based on our findings, a fruitful extension of this line of inquiry could be quantifying the "costs" associated with knowledge loss in terms of actual innovation and/or ability to get things done in organizations. Indeed, we focused on the phenomenon of knowledge loss and highlighted the relationship it has with specific features of individuals' networks and system of relationships. However, we did not have data to also capture the effects of knowledge loss in terms of actual outcomes. Building upon our framework, it would be important to connect knowledge loss with concrete outcome measures in a way to provide more tangible estimates of how network features can enhance performance by reducing knowledge loss.
More in general, our study shows the importance of considering explicitly the benefits and the limitations associated with different network configurations in the study of knowledge sharing in organizations. We believe that this dual focus is a necessary condition to improve our theories and to increase the impact of our studies on actual business practices, and hope that future research would extend this line of inquiry by considering different network configurations as well as different individual and organizational level outcomes. 
